There is good cause to believe that white grape juices clarified before fermentation and fermented at lower temperatures (10 to 15°0) give better quality wines (3, 12) . If these juices are clarified before fermentation, then the period of fermentation is much extended. Schanderl (11) showed that addition of diatomaceous earth could cause decreased fermentation times. However, in the 18 years since that publication a number of pro and con papers have appeared discussing various additions of solids. Some indicated positive effects on fermentation rate and wine quality, others negative. Recent work by Ribereau-Gayon et al. (10) 
There is good cause to believe that white grape juices clarified before fermentation and fermented at lower temperatures (10 to 15°0) give better quality wines (3, 12) . If these juices are clarified before fermentation, then the period of fermentation is much extended. Schanderl (11) showed that addition of diatomaceous earth could cause decreased fermentation times. However, in the 18 years since that publication a number of pro and con papers have appeared discussing various additions of solids. Some indicated positive effects on fermentation rate and wine quality, others negative. Recent work by Ribereau-Gayon et al. (10) and recent investigation by the authors of this report indicate wine quality improvement and time of fermentation advantages by the addition of bentonite and other solids added before fermentation of clear juice.
Further investigations were desirable to determine the effect of different solid additions and to determine if different yeast strains reacted similarly to the solids additions. The interaction of temperature with one solid was also investigated.
MATERIALS AND METHODS
Source of treatment of grape juices. The white grapes were grown at the University vineyards at Davis or Oakville, Calif., and harvested at an accepted degree of maturity. They were crushed and stemmed and then pressed to separate the juice. This juice was equivalent to commercial free-run juice (juice drained off the skins after crushing). The Throughout most of the fermentation no particulate matter was seen. However, near the finish of fermentation small amounts of amorphous matter were observed in conjunction with low numbers of ghost yeast cells. Periodically throughout fermentation the viable suspended-yeast cell count of the control juice, the stirred juice, the bentonited juice, and the grape solid-treated juice was monitored (Fig.  1) . The juice containing 1.5 ml of grape solids per 100 ml exhibited the maximum number of viable suspended-yeast cells, whereas the 800 mg of bentonite-treated juice per liter contained the second highest number of cells. The stirredjuice samples contained fewer yeasts than both the juices treated with grape solid or bentonite at their maximum values. However, the grape solid-treated juices had a very consistant number of suspended viable cells, and values were generally higher for this treatment at most°Brix when samples were taken. The control juice contained the least amount of viable suspendedyeast cells.
To ; and diatomaceous earth treated-juice, 18.3 x 106. At 11.50Brix the bentonited juice contained 33.4 x 106 cells per ml; and the diatomaceous earth-treated juice contained 33.5 x 106 cells per ml. This is consistent with the fermentation rate data for these three juices. All three juices contained approximately the same number of viable suspended-yeast cells, had equivalent fermentation rates, and took the same length of time to ferment to dryness.
Temperature of fermentation. The interaction of three fermentation temperatures with bentonite addition and without bentonite addition on fermentation rate is demonstrated in Fig.   2A . The bentonite caused increased fermentation rates. The temperature seemed also to cause corresponding increases in fermentation rates for both the controls and bentonite-treated samples. The data were plotted (Fig. 2B) Slater (13) found that the number of viable yeast cells present was proportional to the rate of disappearance of glucose. However, the fermentation rates have been shown to vary depending on conditions in these experiments and not in direct proportion to the suspended viable cell populations. Drews et al. (4) have shown the supply of substrate at the transport site of the cell can be a limiting factor. Hernandez (5) reports on the dynamics of sedimentation during fermentation. The number of suspended viable yeast cells in a stirred sample should exceed the number in nonagitated sample. The yeast cells in the stirred samples are in greater numbers than in the nonstirred control. The agitation in the stirred sample offers a higher substrate concentration at the cell transport site because of the motion. Thus a reasonable and obvious explanation of why the stirred sample ferments more rapidly than the control is presented.
The early work of Abderholden (1) showed that a finely ground solid dispersed in a fermenting must causes rate increases. The only differences noted between the control and the samples with solids added in our experiments were the clumping or flocculation of the yeast and the increased numbers of suspended viable yeasts. The reasons for the flocculation have been reviewed by Steward et al. (14) . It appears that the yeast used in these experiments have the ability to flocculate and to flocculate well if finely dispersed solids are present. Studies of yeast flocculation by tend to lend credence to the theory that the solids added were able to adsorb charges or material from the yeast surface, which allowed the yeast to flocculate. If flocculation occurs, the tendency to entrap carbon dioxide seems a feasible cause for the clumps to be buoyant as long as the fermentation is active. It would also tend to cause up-and-down motion of the clumps as the carbon dioxide accumulated or was released.
Since the suspended-cell counts were higher in certain instances for the juices with solids added than in the stirred samples, an explanation of why they did not ferment more rapidly is needed. These differences are small; however, Wick et al. (15) and Atkinson and Daoud (2) offer that the diffusion of the substrate through or into the floc is likely to be reduced, thus making the fermentation efficiency of these internal cells less than that of free suspended cells.
There appears to be no interaction of temperature of fermentation with the effect of solid addition, at least for the one solid investigated. The differences in fermentation rates and times to ferment to completion seem to be explained.
